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Abstract: 
In this work we suggest a technological participation to improve the electrical behaviour and the 
reliability of the polycrystalline non-linear electronic devices ,ZnO, based varistor, to be used to protect 
the electrical and electronic systems against  the sudden increasing of high voltage on Electrical loads. 
This work includes the effect of Rare-Earth Metals (Er, Ce, Pr, Y, Dy), for different temperature firing. 
The nonlinearity factor  ),I, and V are the current and Voltage respectively, the grains size, the 
junction which separate the tow grains, are all responsible of the electrical behaviour of this material and 
they lead to threshold voltage stability and the density of leakage current. 
Adding –as impurity- to the studied sample each of: Cerium (Ce), Yttrium (Y), Erbium (Er), 
Praseodymium (Pr), and Dysprosium (Dy) as a rear-metal earth, varying of temperature firing, it is 
concluded that each of them is positively affect on both of grain figure and nonlinearity factor, which lead 
to stability of nonlinear devices and improve electrical and electronic system's behaviour and reliability. 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [Medgreen sy2011] 
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1. Introduction
Poly crystalline non-linear electronic elements are divided into two major groups, First: the varistor group 
which its resistance varies when the temperature changes as a result of the current passing in it, like 
BaTiO3, V2O5, Pb2O3 [1, 2, 3], which are considered as ferroelectric materials. 
Second group: in which the resistance changes with voltage changing between their two electrodes like 
ZnO, SnO2, SiC [1, 2]. 
Each of these two groups is distinguished by a granular structure semiconductor type n, every two grains 
are separated by a junction, where a Schottky barrier between these two grains is formed [4-10].This is 
due to ions immigration into both junction’s sides which a depletion region is formed, but the 
performance of the two groups, and the transport mechanism, and their applications in industrial is 
completely different, where the first one is used to protect the electrical loads from the sudden current 
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increasing, whereas the second group is used to protect the electric and electronic systems from the 
sudden increasing of the electrical voltages which are applied on its both sides [4-10]. 
The most important scientific premonition which industrials are interested elaborate electronic samples 
with rare-earth impurities which support the high energy to provide  a protection of the electrical and 
Electronic Systems  from the voltage increasing which may damage the  electrical  and loads systems. 
In this research we suggest a new scientific participation including a new technology which aims to 
provide the modern requirements for the industrial applications to have an electronic system with good 
stability and high performance  
The researchers showed [4-10] that the Zinc oxide ZnO is used for good protection to electrical systems 
and may provide relatively a high non-linearity factor and a small leakage current [7-16]. 
Our participation at this research is to use the oxides of rare–metal earth, as impurities to improve the 
electrical properties of ZnO based varistor that mean to stabilize the electrical behaviour of the non-linear 
elements using for protection, and then it increase the reliability of electrical devices in the industrial 
systems. 
 
2. Aim of this work 
The aim of this research is to suggest a new scientific laboratory technique which may improve the 
performance and the reliability of electric and electronic devices’ work by improving the most important 
physical parameters for the non-linear elements which are used to protect these devices as a non-linearity 
factor, the microscopic structure, and the grain size, .And we hope to present a new solution to the 
industry to solve its problems like instability of electrical systems. 
3. Experiment proceeding
The lots of samples were prepared as the following:
3.1. lot1-the classical mixture  
It consists of the following percentage: 
96.75% ZnO, 0.5% Bi2O3, 0.75% MnO2, 0.5% Cr2O3, 1% Sb2O3, 0.5% Co2O3. 
This is the familiar mixture which is used to perform the non- linear varistor, ZnO, but its ratios are 
different from each producer to another. 
3.2. lot2- Rare earth oxides  
3.2.1. lot2-a- The Ce (Cerium) effect 
We added to the previous classic mixture different percentage of  Ce (cerium)  and ZnO, saving previous 
materials in the classical lot, which become: 
ZnO (1-x) % + Ce2O3 x% (x=0, 0.1, 0.15, 0.3) + percentage of the classical mixture (lot1). 
3.2.2. lot2-b- The Erbium (Er) and Praseodymium (Pr) effect 
They include the following weight ratios: 
ZnO(1-x)%+ Er2O3 x% (x=0,0.1,0.15,0.3)(80%Er2O3+20%SiO2)+ 0.5%Pr + percentage  of the classical 
mixture (lot1). 
. lot2-c- The Y (Yttrium) effect 
This mixture  contain the following percentage: ZnO(1-x)%+ Y2O3 x% (x=0,0.1,0.3,0.5)+ percentage  of 
the classical mixture (lot1). 
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3.2.4. lot2-d- The DY (Dysprosium)  effect
It consist of: ZnO (1-x)%+ Dy2O3 x% (x=0,0.4,0.7,1)+ percentage  of the classical mixture (lot1). 
 
4. The equipments and electrical measurements
4.1. Research labs 
This work has been done at several French research laboratory as the following: I-University of Toulouse 
III-at LAPLACE laboratory in Paul Sabatier University, where the powder was mixed by using planet 
mixer with speed changing possibility starting with 0 till 360 Cycle/ minute, then the mixed powder was 
put in a plastic container which turn around with a speed of 45 Cycle/min., and the samples were fired by 
using a temperature firing Furnace of kind CARBOLITE, which is programmable with eight stages. The 
DC measurements of I-V characteristic was done by MP1500 Model CJ1001 device. 
And then the current pulses was generated by a device of model  SEFELEC- SCT1000 and the powder 
was weighed by an electronic criterion with accuracy of 10-6  gr, and the samples of 1cm diameter and 
3.2mm thickness were used.  
The samples were pressed by half automatic pressure with strength of 500 kg/cm2, then they were 
smoothed by using glass paper of different smoothness levels, then chemical smoothing were done, and 
the samples were painted by using serigraphy ink consisting of Ag & Pt solution which was dried in 
270C° temperature for 10 minutes. 
II-ELIAUS laboratory at University of Perpignan, and the French national research center( Techno-sud-
SNRS) where the microscopic, the chemical, and the analyzing structure study was done by using: 
Electronic microscope Numeric scanning devise model EDAX S-4500 (Hitachi, Japan) For Qualitative 
analysis. 
4.2. The electrical stress 
All the samples were Subjected to pre-electrical stresses as the following: an electrical voltage was 
applied on the sample by the following way: 60% Vs for 30 hours at 50C° temperature (where Vs is 
threshold voltage), 80% Vs for 12 hours at 130C° temperature, and then 95% Vs for 12 hours at 150C° 
temperature, which in each time we increase the voltage and the temperature we don’t go back to the zero 
point by the meaning that we are creating the Accumulation, that mean, we add the new values (voltage 
and temperature) to the previous values without removing it or getting it back to its primary situation. 
5. Results 
5.1. The Erbium (Er) effect  
5.1.1. Before the electrical stress 
Figure (1) shows the Erbium (Er) effect on ZnO varistor. We add also the Praseodymium (Pr) by 0.5% 
ratio which was studied by the Choo-Woo Nahm[14] who showed that, the  addition of  (Pr) to these 
device increases both of  the threshold voltage and stability, but the problem was that the leakage current 
keep large and the bulk density of the material is also relatively small, which lead to the increasing of the 
leakage current . 
We have observed an increasing in the threshold voltage Vs, and the bulk density and a decreasing of 
leakage current. Then we studied the effect of temperature firing duration on the results for 1 hour, then 2 
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hours, where we reformed the samples for in each temperature firing case, then we draw the I-V 
characteristic for each case (figure 1&2). 
We observed that there is no more decreasing at the samples dimensions by increasing the temperature 
firing duration. 
The results show in each of the two cases, there is an increasing at the values of the bulk density, the non-
values decrease when we increase the temperature firing duration to 2 hours according to the following 
table: 
Table1: a table shows the variation of the non-linearity factor, the granule volume, the bulk density, and the threshold voltage, as the 
Erbium ratio change. 
Threshold voltage 
Volts/mm 
Bulk density pc Granule 
volume 
d(μm) 
Non-linear 
±1 Erbium ratio 
%
Temperature 
firing After 
stress 
Before 
Stress %gr/cm3 
After 
stress 
Before 
Stress 
230 280 96.34 5.53 918 20 0.00 
Tf=1h 
290 310 96.86 5.56 8.2 34 39 0.10 
380 380 97.73 5.61 7.3 52 52 0.15 
400 410 96.5 5.54 6.6 35 40 0.30 
195 275 96.65 5.54 8.4 916 0.00 
Tf=2h 255 300 96.68 5.55 7.6 22 25 0.10 345 345 97.73 5.61 6.1 32 32 0.15 
360 390 91.2 5.28 5.9 24 26 0.30 
We observe from table 1, and from the two mentioned figures of the I-V characteristics, that the samples 
which were fired for one hour have a bigger non-literary factor and less leakage current and bulk density. 
5.1.2. The effect of the electrical stress of the samples
To assure stability of samples performance, we applied the electrical stresses  on samples which were 
fired for one and two hour (table 1), our results showed (figure 1), that the leakage current increases times 
in the samples which doesn't include Erbium, but for those which include Erbium, there is a small 
changing at the results after applying the stress (an increasing at the leakage current of about 10%, and a 
decreasing in each of non-linearity factor and bulk density of about 12% &0.8 % respectively), and no 
changing of results had happened for the ratio 0.15% Er (we didn’t draw all the tables for abbreviation). 
Then we apply the same stresses at all the samples which were fired for two hours ( figure2), so a huge 
change was happened at all the parameters which are showed at (table 1), where the leakage current 
increased for the sample without Erbium ratio about ten times comparing with the current of the samples 
which was fired for one hour, but for samples which include Erbium, the leakage current becomes 4 times 
less for samples which include 0.3% Er comparing with the samples which don’t include Erbium, and 6 
times less for samples which include 0.1% Er, but the current variations at the rest of I-V characteristics, 
it could be concluded from figure3 for the rest of ratios. 
So we can conclude that, the temperature firing duration1 hours have an important role  at the stability 
and performance of the studied samples .Therefore, we fired all the samples that we are going to study at 
the following figures by a temperature firing duration for one hour. 
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Figure 1: I-V characteristic for non-linear                  Figure 2: I-V characteristic for non-linear 
element (ZnO) for several Erbium values                  element (ZnO) for several Erbium values 
and temperature firing duration 1 hour.                       and temperature firing duration 2 hour. 
Figure 3: I-V characteristic for non-linear element (ZnO) for several values of Erbium and temperature firing duration 2 hour before 
and after stress. 
5.2. The Cerium (Ce) effect
5.2.1. Before the electrical stress
Table 2 shows the variations of Cerium effect on the thickness of the sample due to the temperature firing 
as the Cerium ratio changes between (0 -0.3) %. 
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We conclude that, when the temperature firing increases , the sample dimensions decrease, and we obtain 
a bulk density of 5.43 gr/cm3(the theoretical value equal 5.74gr/cm3) at the temperature firing 1240C°
which agree with the ratio 94.59% and this is an acceptable value but not an ideal value, which allows 
existing porosities inside the volume, this leads to passage the current leakage through it, the sample may 
be degrade [17], which is not good  for the industrial applications.  
So, our results show, if we add the Cerium to the composition forming the sample, the grain size 
decreases which leads to good stability and make the bulk density of the sample is bigger, which in our 
case reached of 5.67gr/cm3, this is good agreement  with the ratio 98.78%, which improves the bulk 
density of the samples (table 2). 
Table 2: variation of the sample thickness due to temperature firing and effect of Cerium.
The sample thickness after firing (mm) and temperature firing (the last line of the table 
is evaluated by C°) 
The sample 
thickness 
before firing 
Cerium 
ratio % 
2.7 2.74 2.88 2.9 2.98 3.2 0
2.75 2.80 2.91 2.92 2.98 3.2 0.1 
2.77 2.85 2.93 2.96 2.98 3.2 0.15 
2.88 2.88 2.94 2.97 2.98 3.2 0.3 
1250 C° 1100 C° 1000 C° 900 C° 800 C° 
To assure this case we took photos for the microscope structure by an electronic scanning camera in 
ability of 900 thousand times amplification, so we got a microscope structure of grains which their 
volume decrease from 5 μm till 2 μm as shown in figure (4), which lead us to conclude that an increasing 
of threshold voltage and a decreasing of leakage current happened, and this is clear by I-V characteristic 
(figure5).  
Figure 4 : (right) a picture of microscopic structure for  samples with volume 4 μm as average for each granule without cerium, (lift) 
with a volume of 2 μm after adding cerium. 
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Figure 5: I-V characteristic for non-linear element (ZnO)     Figure 6: I-V characteristic for non-linear element (ZnO)                          
by adding of cerium before electrical stress                                            by adding of cerium after electrical stress 
We explain the increasing of the threshold voltage the addition of cerium by the following:  because the  
volume of sample is granular ( high number of grains) [4-10], cerium will minimize the volume of sample 
(figure4) which lead to increase their numbers, and because the threshold voltage is constant ( about 3 
volts/grain) in a certain thickness so the threshold voltage of the whole sample increase, and here we got 
agreement between the results of the microscope pictures and those of I-V characteristic, Which explain 
that, the threshold voltage increment with the increasing of cerium ratio according to figure 7. 
We are focusing here on the variations of the non-linear factor and the leakage current, which  lead us to 
conclude that, the relation of non-linear factor at a current equal 1 mA from I-V characteristic showed 
on figure 5 [10-15] after applying the next equation:    =dLnJ /dLnv           (1) 
 
Figure 7: the variation of the threshold voltage with the cerium ratio variation 
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table 3: 
Table 3: variations of non-linear factor, granule volume, bulk density, and threshold voltage with cerium ratio variation. 
Threshold voltage 
Volts/mm 
Bulk density pc 
(theoretical value=5.74 
gr/cm3) 
Granule 
volume 
d(μm) 
Non-
±1 
Cerium ratio 
%
Temperature 
firing 
After 
stress 
Before 
Stress 
%gr/cm3 
After 
stress 
Before 
Stress 
165 170 95.99 5.51 12 33 43 0.00 
Tf=1h 
168 170 96.51 5.54 10.2 38 48 0.10 
210 210 98.78 5.67 9.7 81 81 0.15 
250 250 96.16 5.52 8.6 44 0.30 
From figure (5) we observe that the leakage current decreases about 13 times for 0.3%Ce ratio  and about 
8 times for 0.1%Ce ratio, which indicate that addition of Cerium improve the studied sample 
performance.
5.2.2. The effect of electrical stress in presence of the Cerium Ce
To understand the stability of the studied samples, we applied coercive electrical stress on all the 
mentioned samples, then we re-measured the I-V characteristic again, we conclude that the sample which 
doesn't include Cerium showed a clear variation in its I-V characteristic, in which the leakage current 
increase 6 times for samples in which don’t include Cerium, and 1.1 times for the one which include 0.3% 
Ce. 
The last variation ratio of the leakage current is so close to variation for a 0.15 % Cerium ratio (we didn't 
mention all the ratios on figure for decrease the crowded of the data curves). 
Also we notice that as the Cerium ratio increases(till 0.3%Ce) the variation ratio of  threshold voltage 
decreases (figures  6 and 7) and also the samples show a simple variation in their non-linear factor as it 
illustrate  on the table 3 with 0.1%Ce ratio . 
From table 3 we can say that: the samples which include Cerium, don’t show a large or a noticed 
changing at each of their leakage current, threshold voltage, and the non-linear figure factor, which mean 
the sample is somehow stable, so it has a better performance when used as a protection member. 
5.3. The effect of Yttrium 
5.3.1. Before electrical stress 
We add the Yttrium( from 0 to 0.5%) to the classical composition (paragraph-III-lot2) we observed an 
instability at the threshold voltage, then we add on the mixture a 50‰ Lithium ratio which lead to 
threshold voltage increasing, then we draw the I-V characteristic showed at figure 8: 
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Figure 8: I-V characteristic for non-linear                 Figure 9: variation of threshold voltage for  
element (ZnO) for several values of Yttrium              non-linear  element (ZnO) by the effect of Yttrium 
From this I-V characteristic we can conclude some parameters which were mentioned at the previous 
sections. 
Depending on equation (1) we find that the physical parameters (
density) are varying according to the following table 4: 
Table 4: variation of non-linear factor, grain size, bulk density, and the threshold voltage when Yttrium ratio varying.  
Threshold 
voltage 
Volts/mm 
Bulk density pc 
(theoretical 
value=5.74 gr/cm3) 
Grain 
size 
d(μm) 
Non-
±1 Yttrium ratio 
%
Temperature 
firing After 
stress 
Before 
Stress %gr/cm3 
After 
stress 
Before 
Stress 
660 730 95.99 5.51 8.4 49 22 0.00 
Tf=1h 
1518 1522 97.8 5.61 1.7 60 60 0.10 
1570 1570 98.8 5.67 1.3 75 75 0.3 
1600 1630 96.16 5.72 1.2 56 59 0.50 
The value of which is  illustrate on table 4 are relatively high which refers that the elaborated  sample 
sing of Yttrium ratio till the value 
0.3%Y, then begin to decrease. 
These emphases that: All the previous samples including rare-earth oxides (Ce, Dy, and Pr) have a similar 
effect on the electrical behavior for non-linear polycrystalline. 
We can also conclude from this I-V characteristic that the threshold voltage increases with Yttrium ratio 
increment according to figure 9. 
Back to the equation V=d.Vb (where d, Vb represent of the grain size and threshold voltage of the 
junction respectively), we conclude that increasing of the threshold voltage value is associated with a 
decreasing of the grain size of the studied material. To emphasize this suggestion we took pictures for the 
microscope structure of the studied samples by an electronic scanner, so we find out from figure 10 that 
the grain size decreases with the increasing of Yttrium ratio which is in good agreement with the result 
which was obtained and showed on figure 9, and we can also conclude from figure 8 that the leakage 
current decreases and we will explain that at paragraph 6.  
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We conclude that the bulk density of the samples is increasing from 5.53gr/cm3 till the value 5.57gr/cm3 
which explains the increasing of density of material and decreasing the current passage through the 
grains, so the leakage current decreases and this exactly agree with the results which are showed on figure 
8.
Figure 10: a microscope picture for non-linear element structure (ZnO) shows the Yttrium effect on decreasing the grain size 
comparing with figure 4. 
5.3.2. Studying the effect of electrical stress 
To emphasize the performance and the reliability of the studied material, we investigate its behaviour 
under the effect of the electrical stresses. We show on figure (11) the I-V characteristic of studied sample 
under electrical stresses, it was observed that the I-V characteristic didn't change for samples with (0.1-
0.3)%Y, while the leakage current increases tow times and the threshold voltage decreases at samples 
with 0.5%Y comparing with samples which was not exposed to any electrical stress. 
For comparison, we drew at the same figure the I-V characteristic for the studied samples which doesn't 
include Yttrium (table 4), we observe that the leakage current increases about 10 times at the sample 
which doesn't include Yttrium without any remarkable change for the threshold voltage and for   the non-
-3-V-b) product a relatively small leakage current, so it is 
considered as a stable behaviour and more reliability materials which used as a good protection elements 
against the sudden increasing of the voltage. 
Figure 11: I-V characteristic for non-linear             Figure 12: a microscope picture for non-linear 
element (ZnO) after stress for several                   by adding of Dysprosium to increase the granule 
    values of Yttrium                                         volume comparing with figure10 
stress
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5.4. The Dysprosium effect on the electric behaviour of polycrystalline devices 
5.4.1. Before the electrical stress 
we added the Dysprosium Dy to the classical composition ( Section-III) which was then we have 
observed  that when we add the same ratios which was used at the previous samples, the threshold voltage 
stay at the minimum values, while when we change  the Dysprosium’s ratio (Dy > 0.7%.) and draw the I-
V characteristics (figure 13), we can conclude an increasing of each  of the threshold voltage and  the 
non-linear factor , and the bulk density (equation1) as functions for the variation of Dysprosium ratios 
according to table 5. 
From table 5 we can also observe that non-linear factor increases with the increasing of the Dysprosium 
ratio and then begin to decreases when Dy > 0.7%. 
Dy has the same behavior of rest of other rear-metal earth that we see before in this paper, and this work 
prove the Choon-WooNahim's work[14], who conclude that in addition  Dy, each of non-liear factor, and 
threshold voltage increase, but he didn’t study the effect of Dy's ratio variation on these two physical 
factors, while we studied the effect of these changes as we see before, so, this work  emphasizes the 
results obtained by Choon-Woo Nahims [14] . 
We can also remark that by adding Dy, the threshold voltage increase but less than obtained by the other 
rear- earth oxide which we got before.  
The relatively small threshold voltage is due to increasing of grain size   comparing with the previous 
samples, where we have grains size with 8.4μm as average for 100 samples (figure12). 
5.4.2. The effect of electrical stress
In the same way the material was Subjected also to the electrical stress which was mentioned at the 
section III, we draw the I-V characteristic (figure 14), and we obtain that Dysprosium improve the 
material properties when added by a ratio between (0.4 % and 1%) Dy which limits the increasing of 
leakage current and save the stability for each of the leakage current, the value of non-linear factor 
the threshold voltage (table 5) when applying the mentioned electrical stress,. The values of the leakage 
current can be read from (figure 13). 
When we add the Dysprosium in the mentioned ratio improve the performance and reliability of the 
varistor when is used as a protection device of electrical loads. 
Whereas, out of this ratios, the material act as protection element, but with less quality, we didn’t draw 
the I-V characteristic of the ratio 1.3% Dy, to avoid the data curves crowding.   
                                                                                                                
Figure 13: I-V characteristic for non-liear                  figure 14: I-V characteristic for non-liear 
element by adding Dysprosium before stress          element by adding Dysprosium after stress 
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Table 5: the variation of non-linear factor, the granule volume, the bulk density, and the threshold voltage as the Dysprosium  ratio 
vary 
Threshold voltage 
Volts/mm 
Bulk density pc 
(theoretical value=5.74 
gr/cm3) 
Granule 
volume 
d(μm) 
Non-linear factor  
 ±1 
Dysprosium 
ratio 
%
Temperature 
firing 
After 
stress 
Before 
Stress 
%gr/cm3 
After 
stress 
Before 
Stress 
190 205 95.99 5.51 8.1 17 21 0.00 
Tf=1h 
225 225 97.8 5.61 7.2 44 44 0.4 
274 274 98.8 5.67 6.4 52 52 0.7 
280 305 96.16 5.72 6.1 26 31 1
280 307 94 5.4 5.8 20 24 1.3 
6. results and discussion 
Our results show that rare earth impurities (Dy, Y, Pr, Ce,Er) have the same effect on the electrical 
behavior, they all, increase the threshold voltage and non-linear factor in a specific range of their quantity 
ratio, subsequently these impurities improve stability of leakage current and non–linearity factor. 
Consequently, our results give a materials which support a capacity of a high energy. This lead to prevent 
the effect the high voltage and current on the electrical systems. Which assure a good protection from 
electrical damage. 
In addition, the rear earth as impurities is leading to decrease the grain size and to increase their Number, 
N, in a specific thickness (3.2mm in our case) and also increase the total threshold voltage Vs according 
to the following equation: 
Vs=N.Vb 
Where Vb is the threshold voltage for one junction which equal 3 volts according to the searcher 
Dorlanne.o measurements [5], and this confirmed with the two microscope structure photos which are 
showed on figure 4, which shows the material structure before and after addition of the rare–metal earth, 
but the decreasing of leakage current during impurities with rare–metal earth is explained as following: 
the material has granular structure, each two grains are represented a junction, so all the grains are 
connected and allow current to pass through the sample, So, as the grain intensify, the leakage current 
decrease, and then the bulk density of sample increase [14] which was considered as criteria to the 
leakage current decrement. 
The results of our work show that: adding of rare–metal earth as an impurity, increase both of the bulk 
density and the quality of the studied material as was showed at table (1) so decrease the leakage current. 
At the same time during the element temperature firing at 1240C°, a so-called spinal phase is formed[14-
17] consisting of rare–metal earth material and the substrate ZnO, and positioning at the foreheads of 
grains [14], which prevent the ions immigra
expressed by the following equation [5]: 
 =qNs2/(2 r. 0.Nd)            (2) 
Where q is the electron charge, Ns (cm-2) is the density of the surface state at the junction, Nd (cm-3)is 
the density of charge carriers which could be ions or electrons which are responsible of the current that 
pass the sample. 
r, (8.654x10-12 F/m) 0: are of relative and absolute permittivity constant for the material respectively. 
Spinal phase prevents growing of the granule and wasn't affected by temperature. This phase could be 
active at a specific ratio of rare–metal earth according to the range we use in this work, so when an 
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electrical stress is applied, the spinal phase prevents disconnecting of rare–metal earth at grain foreheads, 
and makes the material resist current passing that caused by the electrical stress, and here we can accept 
that rare-metal earth increase the material stability and reliability and improve its performance. 
We found then, that the samples which were fired for two hours, have a leakage current higher than the 
current at the samples which was fired for one hour, and it could be explained by the following: as barrier 
height which is formed between two sides of the junction, is consisting of ions, so these ions immigrate 
during the temperature firing process, and the direction of the immigration is from both of junction sides 
towards granule depth, and its number becomes in two hours more than what happen in one hour[5], 
which decrease the height of the barrier and facilitate of charges movement which is responsible of 
current forming between two junction's sides, so the current increases at less opening voltage, and it is 
obvious on I-V characteristic figure(3). 
So we can conclude that the time of temperature firing has an important role at the stability and the 
performance of studied materials. 
Results showed that adding Nickel to non-linear material as impurities increase the leakage current and 
decrease the threshold voltage, which mean that Nickel is an electron donor material, where density of 
electron increases whenever the Nickel ratio increases so the height of barrier decreases (equation 2) 
and the current increase and expressed by the following equation: 
J= jo Exp(- (3) 
Where K: is Boltzmann constant, T: the temperature in Kelvin, this relation express the electrical 
transport mechanism of the studied materials [4,5]. 
7. Conclusion 
We added rare–metal earth to the following classical composition consisting of:  
96.755 ZnO(1-x), 0.5% Bi2O3, 0.75% CO2O3, 0.5% MnO2, 0.5% Cr2O3, 1% Sb2O3. 
And that according to the variation of x value which represent the ratio of the rare-metal earth at the 
classical as the following: 
Cerium Ce and Erbium Er range between (0%-0.3%), the Yttrium Y range between (0%-0.5%), 
Dysprosium Dy range between (0%-1%), then we found through this work An increasing of each of the 
threshold voltage Vs, and non-
the leakage current IL. 
We also found that the impurity non-linear elements which an electrical stress is applied on it, as the 
following: 
First 60% Vs for 30 hours with a temperature 50C°, then 80% Vs for 12 hours with a temperature 130C°, 
Then 95% Vs for 12 hours with a temperature 150C°, all of them resist the effect of the electrical stress, 
which keeps each of Vs & 
according to what was mentioned at the figures which refer to each of them. 
So polycrystalline material becomes more stable when it is exposed to the mentioned electrical stress, so 
it make the industrial systems which it is applied on, more reliability and better performance. 
But we found that when we add (Er,Pr), that the material under electrical stress becomes more stable, 
reliable, and better performance. 
According to what was mentioned above we suggest investing the results of this work at the industrial 
applications.
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